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The increase, in quantitative and qualitative terms, of research attending to the geological nature 
of rocks found in archaeological contexts is changing our perspectives about social and economic 
territories articulated by Palaeolithic societies in the Cantabrian Region. Practically the only raw 
material researched in a solid geoarchaeological approach in this area is flint. This paper addresses 
how the near absence of in-depth geoarchaeological research into raw materials other than flint is 
modifying our perception of the procurement and management mechanism of raw material in the 
Cantabrian Region during the Palaeolithic. 
To consider this matter in depth, we present the bibliographic and quantitative analysis of 30 
representative archaeological sites from the Cantabrian Region whose assemblages were described 
lithologically using basic and primary categories. The state of play depicts a geographic distribution of 
raw material in the Cantabrian Region where quartzite is associated with the western sector and flint 
with the east. Interconnected with this axis, there is a chronological tendency that promotes 
standardisation in the use of flint by Palaeolithic societies following a chronological order, from the 
older to the more recent periods. This information, and its contextualisation with the new perspectives 
resulting from the application of the geoarchaeological proposal used to understand flint procurement, 
allows us to understand the general tendencies of raw material distribution of the region. Especially, 
we can detect how the absence of geoarchaeological methodologies of other raw materials than flint 
has modified the perception of the economic and social dynamics articulated around raw material by 
Palaeolithic people. This bias does not only affect the geographical and chronological axes, 
emphasising information from the regions and periods where flint is represented, but also promotes the 
over-interpretation of long-distance procurement, therefore, building up narratives exclusively based 
on human mobility. 
This situation has generated an incomplete and unbalanced picture of the procurement and 
management strategies followed by Palaeolithic societies because quartzite, the second most-often 
used lithic raw material, and other raw materials have only been studied using geoarchaeological 
methods within the last few years. This research finally points to the continuation of in-depth research 
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of quartzite and other raw materials as the next steps to re-interpret the current paradigms about 
procurement and management of raw material by Palaeolithic societies, and, therefore, modify our 
perspectives of social and economic territories. 
 




The characterisation of the rocks used by past humans has been a recurrent research topic 
in Prehistoric Archaeology since the beginnings of our scientific discipline. In the mid-19th 
century, the first prehistorians, mainly with geological academic training, made meticulous 
descriptions of the rocks they had found in archaeological contexts. Juan Vilanova y Piera, 
one of the pioneer prehistorians in the Iberian Peninsula, also Professor of Geology and 
Palaeontology, described prehistoric artefacts using archaeological and geological 
perspectives in an attempt to relate the artefacts with potential rock sources (Pelayo López & 
Gonzalo Gutiérrez 2012: 145). 
Studies of lithic raw materials intensified in the 1950s, supported by the development of 
Petrology and Geochemistry. The conclusions reached by those studies showed their potential 
for the determination of the provenance of lithic material. The first raw material to be studied 
was obsidian (Cann & Renfrew 1964). This research was able to determine exchange routes 
for this material during the Neolithic, especially in the Mediterranean, Oceania and North 
America (e.g., Cann & Renfrew 1964; Dixon et al. 1968; Polanyi 1957). In the following 
decades, standardised protocols for the analysis of lithic resources became common practice, 
the types of stone being characterised diversified, and the application of petrographic methods 
in different geographical and historical contexts became standardised (e.g., Binns & McBryde 
1969; Clark 1965; Durrani et al. 1970; Kowalski et al. 1972; Sieveking et al. 1972). 
During the 1980s, new geographic areas were studied, new chronological frameworks 
started to be analysed and new raw materials were researched, especially after the pioneering 
work by Luedtke (1979) to characterise flint. The development, mainly in France, of research 
that addressed flint by A. Morala (1979; 1980; 1983), P. Y. Demars (1980), A. Masson 
(1981), Simonet (1981) and J. M. Geneste (1985) among others, also increased the quantity of 
information about raw material procurement. The relevant results these researchers proposed, 
and the reproducibility of the novel methods applied, increased the interest in flint 
identification in Palaeolithic contexts. Several pieces of research were produced in the 
following decade and new geographic areas were studied, mainly in Europe (e.g., Floss 1990; 
Jeske 1989; Normand 1986; Roebroeks 1988; Turq 1989). In the last twenty years of research, 
few and sometimes isolated scientific efforts in characterising raw materials for knapping 
processes other than flint or obsidian are widening the spectra of rocks analysed from 
geoarchaeological perspectives (e.g., Daffara et al. 2019; de Lombera-Hermida & Rodríguez-
Rellán 2016; McHenry & de la Torre 2018; Prieto et al. 2019a). In addition to this dynamic 
research, a clear qualitative development took place in the understanding of the behavioural, 
economic and social dynamics in Palaeolithic societies through the techno-typological 
analysis of lithic assemblages (Boëda 1994; Laplace 1972; 1987; Leroi-Gourhan 1964: 132-
144). Both perspectives converged on a better understanding of flint procurement and 
management by Palaeolithic societies (Andrefsky 1994; Roebroeks 1988; Turq 1996). Finally, 
theoretical approaches have modified the old culturalist perspectives into new ones, which are 
focused on the economic and social processes that relate prehistoric people and their 
environment (Bamforth 2006; Binford 1979; 1982; 1983; Brantingham 2003; Cronk 1991; 
Gould 1978; Kelly 1995: chapters 3 to 5 and chapter 9; Renfrew 1973: chapter 6; Vita-Finzi 
1978). 
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As already stated, although basic and primary lithological descriptions have been made 
since the mid-19th century, the first in-depth characterisation of raw material in the Iberian 
Peninsula started in the 1980s and the 1990s (e.g., Elorza & Bustillo 1989; Mangado 1998; 
Tarriño 1998; Tarriño & Elorza, 1989; Terradas 1995; Sarabia 1999). These pioneer studies 
focused on the characterisation of flint in Iberia, especially flint in the southern part of the 
Pyrenees and the Cantabrian Region. The petrological characterisation of flint at 
archaeological sites was based on its mineralogical composition, texture, fossil content and 
depositional environment (Tarriño & Terradas 2013).  In particular, the Cantabrian Region is 
one of the better researched-areas in Iberia where flint is being successfully studied. This has 
succeeded in determining the source areas of the flint brought to the sites by human groups 
and the establishment of regional lithic repositories (Herrero-Alonso et al. 2018; Tarriño et al. 
2015; 2016). Additionally, it has improved the understanding of physical characteristics of the 
material, its behaviour in reduction and use (e.g., Calvo 2019; García-Rojas 2014; Herrero-
Alonso et al. 2020; Perales 2015; Tarriño 2006). 
Within very recent years, studies have characterised the use of quartzite within 
archaeological contexts (Prieto 2018; Prieto et al. 2019a; 2020). However, this rock-type has 
not received the same level of methodological development as flint and obsidian, despite 
being one of the most-often used lithic raw materials in the European Palaeolithic. Only few 
and isolated studies have characterised quartzite from a geoarchaeological perspective (e.g., 
Straus et al. 1986). The absence of solid geoarchaeological protocols to characterise quartzite 
have hampered the expansion of studies addressing this rock in archaeological contexts. This 
has promoted a bias in understanding the strategies of procurement and management of this 
lithic material, which is only being overcome through the application of robust protocols. In 
particular, in northern Iberia, a region with a high density of prehistoric sites, quartzite is one 
of the most abundant raw materials at Palaeolithic sites. This is especially true for the western 
part of the Cantabrian Mountains. 
The goal of this paper is to show the general overview of the distribution of raw material 
in the archaeological sites of the Cantabrian Region, and to understand how the absence of in-
depth characterisation of quartzites (and other raw materials) have modified our perception of 
Middle and Upper Palaeolithic economy and society. To do so, we present a quantitative 
analysis of raw materials in archaeological assemblages available from the bibliography. The 
state of the research proposed is also contextualised with the perspectives facilitated by the 
characterisation of flint in the Region (Tarriño 2001), the current state of flint studies (Tarriño 
et al., 2015) and the latest efforts made to characterise quartzite (Prieto et al. 2019a; 2020; 
2021). 
The terms ‘quartzite’ and ‘flint’, except when describing specific varieties, were used in 
this research as broad categories utilised by archaeologists and geologists (mainly in the 
field). Therefore, the term ‘flint’ includes here non-clastic sedimentary rocks, highly siliceous 
sedimentary, and microcrystalline rocks commonly named as chert or flint (e.g., Luedke, 
1979; Tarriño et al. 2015). The term ‘quartzite’ includes sedimentary and metamorphic rocks 
with quartz containing over 90% of quartz, granular, and with a conchoidal fracture (e.g., 
Skolnick, 1965; Prieto et al. 2019a). 
 
2. Geographic and Geological setting 
This study is focused on the Cantabrian Region (north Spain). This area is in the north-
western part of Iberia. From a geographic perspective, it is a mixed zone that combines 
coastal and mountain landscapes. The former is related to the Bay of Biscay and the 
Cantabrian coast, which create the northern limit of this area. The latter refers to the 
Cantabrian Mountains, the western prolongation of the Pyrenees Mountain Range. In general, 
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the highest mountains are situated in the central and western zones of this region, and they 
constitute a natural barrier to the south, where the northern Iberian Plateau is situated. These 
two essences of the Cantabrian Region, mountain and coast, together with Pleistocene glacier 
processes and, especially, active fluvial systems, create diverse geomorphologies and 
landforms such as high-altitude mountains, cliffs, gorges, talus slopes, plateaus, and closed or 
open valleys in a wide range of elevation reaching to more than 2,500 metres above sea level 
(Alonso et al. 2007). The river system, mainly in a south-north direction, promotes 
fragmentation of the terrain, and also of the Palaeolithic habitat. 
 
 
Figure 1. Main chrono-lithological strata and geological zones in the Cantabrian Region based on a 1:1,000,000 
geological map (Álvaro et al. 1994). The black line divides the two main geological domains of the Cantabrian 
Region: the Iberian Massif and the Basque-Cantabrian basin. 
 
From a geological standpoint, the research area is characterised by its complexity owing 
to the presence of multiple geological domains (Figure 1). In general terms, there is a precise 
gradation in the age of the geological formations from the western part to the eastern one, 
where more recent strata are situated. There is a primary division that splits this area in two: 
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the western part, which is associated with the Palaeozoic Iberian Massif affected by the 
Variscan orogeny; and the eastern one, associated with the Pyrenees and affected by Alpine 
orogeny. The former is formed by the West Asturian-Leonese Zone and the Cantabrian Zone 
(Pérez-Estaún et al., 2004: 22-25). The age of these strata ranges from Precambrian 
(associated mainly with the western part) to the Permian. A complex geological history 
affects the area, especially as a result of the impact of the Variscan orogeny during the 
Carboniferous (Bastida, 2004: 25-26). The lithologies are varied too, with the presence of old 
massive siliceous outcrops affected, or not affected, by metamorphic processes, shales 
(lutites), and calcareous and conglomerate formations. The second domain is the Pyrenees 
basin. In the Cantabrian Region, this area is called the Basque-Cantabrian Basin, composed 
by Mesozoic materials characterised by calcareous formations together with sand-shale 
formations. The effect of metamorphism in this area is very limited, and it is only possible to 
detect it in faults or associated with alkaline volcanism (Barnolas & Pujalte, 2004: 233-239; 
Pujalte et al. 2004). The Oviedo Basin constitutes a series of strata also formed during 
Mesozoic and Paleogene times. This area shares many characteristics with the previous zone. 
Each of the two primary divisions is associated with specific lithologies used by 
Palaeolithic populations as raw materials, as already suggested by previous research 
(Bernaldo de Quirós & Cabrera 1996; González Sainz 1991; Straus 1996). Quartzite is, in 
general terms, associated with the Iberian massif because of the existence in this area of wide 
siliciclastic outcrops, occasionally deformed and/or metamorphic (Bastida 1982). It is also 
important to mention the presence of quartzite blocks in the numerous conglomerate strata 
formed during the Carboniferous, especially in the eastern half of the Cantabrian Zone 
(Fernández et al. 2004; Prieto et al. 2021). In contrast, flint is mainly associated with the 
Basque-Cantabrian Basin and the Oviedo Basin (Tarriño et al. 2015). The latter two were 
created during the Mesozoic and the Paleogene under marine and partially palustrine-
lacustrine sedimentary conditions which favour the formation of chemical siliceous 
sedimentary rocks such as flint (Tarriño et al. 2015). Still, it should be noted that flint, chert 
or other microcrystalline rocks such as radiolarite are also represented in the older strata of the 
Cantabrian Zone and were recently systematised by Herrero-Alonso (2018: chapter 6). As 
will be explored in more detail later, and thanks to the research funded by Andoni Tarriño, 
today, more than 30 flint outcrops formations were discovered in the area. 
 
3. Methods 
To carry out this research, a database was created with the information available in the 
literature. Palaeolithic sites where raw materials were described and quantified using basic 
rock descriptions were selected. Most of the descriptions, according to the references, were 
made using de visu criteria and hand magnifiers. The level of detail of these descriptions is 
low, although it should be enough for a basic lithological identification. It is important to 
remark that some of the data used derived from excavations and research projects that are 
older than 50 years. This could then promote a biased overview because of the different 
excavation methodologies and criteria to select the lithics and the artefacts described. The 
most frequent and widely representative raw materials of the whole region were highlighted 
and quantified individually (flint, quartzite, quartz and dolerite). Because of their scarcity, 
other raw materials such as lutite, radiolarite, sandstone or limestone were not included on 
specific categories and they were grouped on the broader category “Other Raw Material”. 
Moreover, they were individually used to contextualise the data. As already mentioned by 
several authors (e.g., Howard 2005; Prieto et al. 2019a; Skolnick 1965), the limits between 
which quartzite and sandstone can be distinguished are not clear, especially when they are 
analysed without petrographic microscopy. In which case, quartzite and sandstone could have 
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been mixed in some of the analysed archaeological contexts. It is also relevant to mention that 
dolerite was referred to in many publications as ophite (field name for mafic igneous rocks) or 
diabase. The number of sites comes to 30, and they comprise a total of 210 archaeological 
levels (Supplementary File 1). The selection of the sites and archaeological levels was based 
on data available at the time this research was designed, the geographic representation, the 
quality of the information, and the precision of the data. Also, it was important to ensure that 
sites in the entire geographical area under analysis were represented. In order to systematise 
the results, we converted the data shown in the bibliography into percentages for each 
archaeological level. The latter is the basic unit of analysis used in this research. They have 
been organised following the techno-typological classification of their lithic industries given 
by the authors first. To standardise the data, we used the classical seriation of lithic techno-
complexes in Western Europe, that is Mousterian (N=90), Aurignacian (N=32), Gravettian 
(N=13), Solutrean (N=45) and Magdalenian (N=30). This organisation allowed us to 
understand the general chronological tendencies. We are aware of the chronological 
inequality of the data, especially because of the high number of levels categorised as 
Mousterian and the small quantity of Gravettian levels. If more than one archaeological level 
is assigned to a specific techno-complex on a site, the average from the different levels was 
used. The number of techno-complexes displayed at different sites is 55. Finally, and to 
understand a general and geographic overview, the average between the different techno-
complexes on each site was calculated. 
The database was analysed using a Geographic Information System. The program used 
was ArcGIS 10.2 and the base map was created by merging (merge tool) the DEM 200 maps 
obtained from the Geographic Institute of Spain IGN (IGN, 2020). Different options of 
representation, such as pie charts, were used to display the information collected. In addition, 
a Kernel density tool was used to analyse the geographic representation of better-represented 




Supplementary File 1 shows the information collected to carry out this research. Figure 2 
displays all the analysed archaeological sites in their geographic location. They are well 
distributed in the territory, except for the western area, where we do not find a similar 
quantity of Palaeolithic archaeological sites to allow comparisons with other parts of the 
territory. In the area of study, the greatest distance without any archaeological site is less than 
60 km (between El Mirón and Arlanpe). There is a tendency, derived from historiographical 
issues, of an accumulation of sites around the Bay of Santander. It should be stressed that 
there are more sites in the Basque Country with raw material studies, but they were not 
included in the numerical analysis because of the redundancy of the data and the absence of 
information about raw materials other than flint. Moreover, they are included in the data 
discussion. 
This general data is explored using large-scale geological information. Figure 3 shows 
the raw material percentage at each site. First, it can be noted that none of the selected sites 
has just one raw material, and the lithic assemblages were formed by diverse types of rock. It 
is also remarkable that most of these sites have one main raw material (with percentages 
higher than 50%) and some other secondary raw material (around 20%). In some cases, there 
are also trace raw materials (specific rocks with smaller percentages than 5%). The first 
category is only associated with flint and quartzite. Secondary raw materials are also 
associated with the same two rocks and, only in a few cases, with quartz or “other raw 
materials”. 
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Figure 2. Archaeological sites included in this research. 
 
 
Figure 3. Raw material distribution at each archaeological site using pie charts. The general pie chart in the 
upper right represents the mean distribution of raw material in the selected sites. Main chrono-lithological strata 
in the Cantabrian Region are displayed, based on a 1:1.000.000 geological map (Álvaro et al. 1994). The colour 
of each stratum is the same as in Figure 1. The numbers of the different archaeological sites are also the same as 
in Figure 2. 
 
Clear geographic zoning can be observed in the most representative raw material in the 
lithic assemblages at the selected sites. Flint is associated with the eastern part of the 
Cantabrian Region, while quartzite is better represented in the western area. Flint is also 
represented in the western zone of the Cantabrian Region, although generally as a secondary 
raw material, chiefly in the Oviedo basin. In contrast, quartzite is rare in the eastern part, and 
is only represented as a trace material to the east of the Bay of Santander. Figure 4 shows two 
different maps representing raw material Kernel density for flint and quartzite. They reinforce 
this geographic association. All these data demonstrate a clear connection between lithic raw 
material data and geological information. Quartzite is associated with the Iberian Massif, 
represented by Palaeozoic and Precambrian materials. The core area of quartzitic rock is in 
the Cares, Deva and Sella Valleys. Flint is more closely associated with Mesozoic and 
Cenozoic strata and represented mostly around the Bay of Santander and in the Basque 
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Country. In the latter area, flint is the dominant raw material at many other sites, not 
considered in this work, e.g., Labeko Koba, Antoliñako Koba, and Ametzagaina (Aguirre 
2012; Arrizabalaga 2000; Arrizabalaga et al. 2014a). 
 
 
Figure 4. Kernel density of flint (above) and quartzite (below). Intense green on each map displays a higher 
density of flint or quartzite. Main chrono-lithological strata in the Cantabrian Region are displayed, based on a 
1:1.000.000 geological map (Álvaro et al. 1994). Lithology colours are the same as in Figure 1. The numbers of 
the different archaeological sites are also the same as in Figure 2. 
 
As already suggested, quartz and dolerite are constrained to small occurrences in specific 
sites without a clear relationship with the main geological units. Quartz and its multiple 
varieties described by archaeologists (rock crystal or hyaline quartz for automorphic quartz, 
polycrystalline quartz, milky quartz or grey quartz for xenomorphic quartz) appear in different 
geological contexts (de Lombera-Hermida 2008). It is well represented at such sites as El 
Mirón (17%), La Flecha (10%) and Sopeña (8%). In other sites the quantity of this raw 
material is much more limited. Dolerite, a greenish basaltic rock, is only represented in 
percentages higher than 5% in the sites of Cueva Morín and La Flecha. As stated above, the 
category labelled as ‘other raw materials’ is a mixed category, although the best represented 
raw materials are sandstones and lutites. The latter is also well represented in the Basque 
sites. 
Having explained the data from a general and geographic perspective, this is now 
presented with the chrono-cultural information. There is a general tendency towards a clear 
and gradual decrease in the presence of quartzite and other raw materials and an increase in 
flint in the lithic assemblages (Figure 5). This trend points towards raw material 
standardisation, with flint becoming the most represented resource for lithic production for 
Magdalenian populations. The increasing trend is relatively gradual from the Mousterian to 
the Magdalenian, although during the Solutrean, the percentage of flint is similar or even 
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smaller than during the Gravettian. In the Magdalenian, flint percentages increase to values 
higher than 75%. Conversely, there is a clear decrease in the percentage of quartzites in this 
succession of different periods, although in the Solutrean there is a slight increase in the 
quantity of this raw material. It is also remarkable that quartz was better represented during 
the Gravettian than in previous and, especially, in later periods, when this raw material is rare. 
Other raw materials, like dolerite, are present in the preceding periods, and more generally 
although their percentages gradually decline from the Mousterian to the Magdalenian. 
 
 
Figure 5. Pie charts representing percentages of raw material grouped by techno-complexes. 
 
Having outlined the general chronological trends, the embedded geographic differences 
in each techno-complex are described. Figure 6 shows the distribution of raw material during 
the Mousterian, displaying the high variability of raw material in the archaeological sites.  
 
 
Figure 6. Raw material distribution at each archaeological site during the Mousterian using pie charts. Main 
chrono-lithological strata in the Cantabrian Region are displayed, based on a 1:1.000.000 geological map 
(Álvaro et al. 1994). Lithology colours are the same as for Figure 1. Pie chart colours are also the same as in 
Figure 3. 
 
Quartzite is geographically associated with the western part, with percentages greater 
than 75%. Only in the lithic assemblage of El Sidrón, associated with a single event related to 
the human fossils of the cave, flint is the best represented raw material (Santamaría et al. 
2010; 2011). Conversely, in the eastern part, flint is the main raw material in the 
archaeological assemblages. Except for the case of Arlanpe (Rios-Garaizar 2013), a site with 
short occupations characterised by a small number of artefacts which are mainly made on 
lutite, flint is the main raw material, with percentages larger than 60%. At the sites around the 
Bay of Santander, flint is also the main raw material, although quartzite is generally well 
represented as a secondary or even a primary raw material. It is interesting to observe how at 
those sites around the Bay of Santander, flint is the best represented raw material, whilst in 
the area around Puente Viesgo quartzite is better represented than flint, as shown by La 
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Flecha (Castanedo 2001) and El Castillo (Cabrera 1984: chapters V to X). During the Middle 
Palaeolithic, the use of raw materials other than flint and quartzite is also well documented. In 
the latter zones, dolerite and also quartz, are frequent, especially at Morín (González 
Echegaray & Freeman 1978: 217-252), El Pendo (González Echegaray 1980; Freeman 1980) 
and La Flecha. At El Castillo, quartz is well represented, as in La Flecha and El Pendo. In the 
western part, the use of quartz is limited and dolerite is insignificant. In this area, the most 
recurrent secondary raw material is sandstone, followed by lutite and limestone. In the eastern 
area, the category of other raw materials is also related to these raw materials, although lutite 
is more frequent. 
In the first half of the Upper Palaeolithic (Aurignacian and Gravettian), a clear change is 
observed in the raw material distribution, as shown by Figure 5 and displayed geographically 
in Figure 7a. This trend is observable at sites in the eastern part of the Cantabrian Region, 
where the quantity of flint is, in general terms, greater than in other places. In the analysed 
layers at Aitzbitarte III, flint is the best represented raw material, and other kinds of rocks are 
rare. This is also observable in the Aurignacian levels at Labeko Koba, not included in our 
database (Arrizabalaga 2000). In the central part of the Cantabrian Region, flint is better 
represented than in the previous period, although other raw materials are still represented. The 
quantity of quartzite is smaller, but still higher than 5% at every analysed site. In the western 
part, while quartzite is still the best-represented raw material, flint percentages increase from 
the previous periods. This is easy to detect in sites such as La Viña and Sopeña, where the 
proportion of flint increases by more than 10% (Pinto-Llona et al. 2009; 2012; Santamaría 
2012: chapter 6). 
 
 
Figure 7. Raw material distribution at each archaeological site during the Aurignacian (above) and the Gravettian 
(below) using pie charts. Main chrono-lithological strata in the Cantabrian Region are displayed, based on a 
1:1.000.000 geological map (Álvaro et al. 1994). Lithology colours are the same as for Figure 1. Pie chart 
colours are the same as in Figure 3. 
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During the Gravettian, although the analysis is hampered by the small number of sites, 
the tendency already suggested during the Aurignacian is reinforced (Figure 7b). The quantity 
of flint in the eastern sites is still high, and, in addition to the analysed sites of Aitzbitarte III 
and Amalda, the pattern is also observable in Bolinkoba (Iriarte-Chiapusso et al. 2015), 
Ametzagaina (Calvo et al. 2013), Amalda, Usategi (Calvo, 2019: 159-164) and Antoliñako 
Koba (Tarriño 2006: 136-141; Aguirre 2012). At El Mirón (González Morales & Straus 2012) 
and especially at El Pendo (González Echegaray 1980), flint clearly dominates the raw 
material distribution, and quartzite becomes a trace material instead of a secondary one. 
Finally, in the western area, the percentages of flint in the selected assemblages increase, 
displaying similar frequencies as quartzites. La Viña, Llonín, Cueto de la Mina (Martínez & 
de la Rasilla 2012), but also Coimbre (Álvarez-Alonso et al. 2017) and Sopeña (Pinto-Llona 
et al. 2012) are indicative of this trend. During this period, the presence of quartz in sites such 
as La Viña, Sopeña and El Mirón is also noteworthy. The presence of the latter is not 
geographically zoned. 
During the Solutrean, this trend stops, as observed in the general data shown in Figure 5. 
This is because of the small increase of quartzite in lithic collections as other authors have 
already argued (de la Rasilla & Fernández de la Vega 2014; Schmidt 2013; Straus 1983: 125-
127; 2001; 2012). Figure 8a identifies this situation in the central and western part of the 
Cantabrian Region, where, in sites such as Hornos de la Peña, El Pendo, La Riera, El Cierro 
and La Lluera, quartzite percentages are high. There is also a clear decrease in quartz which 
makes this lithic resource almost disappear from the analysed sites. In the eastern zone, flint is 
the main and almost only raw material used by Upper Palaeolithic populations, seen not only 
at Amalda, but also at Antoliñako Koba (Aguirre 2003; Tarriño 2006: 136-144). The presence 
and the higher percentages of raw materials other than flint in the site of Arlanpe should be 
understood as a result of a secondary accumulation of some artefacts, rather than a clear 
representation of the raw material in this assemblage. 
Finally, during the Magdalenian, the final result of the trend explained above is seen and 
flint becomes the main and most important raw material in the Cantabrian Region. 
Nevertheless, there are again clear geographic differences in the area of study and some 
observations must be made (Figure 8b). In the eastern zone, flint is still the only raw material 
used by Palaeolithic people. At Arlanpe, the site is not sufficiently represented to understand 
its raw material variability. Instead, Aitzbitarte III, but also such other sites as Antoliñako 
Koba (Tarriño 2006: 136-144), Santimamiñe (Tarriño 2011b) or Urtiaga (Fontes 2016) 
confirm the importance of flint in this area. In the central part of the Cantabrian Region, flint 
is the best represented raw material with percentages higher than 80% at every site (generally 
greater than 95%). Quartzite, also other raw materials, must be considered trace materials 
with quantities below 5%. Finally, in the western area, despite flint becoming the main raw 
material at the analysed sites, quartzite percentages are still significant (higher than 20% at 
every analysed site), confirming the trend but also indicating persistence in the use of this raw 
material in these western areas. 
 
5. Discussion 
5. 1. New geoarchaeological methods, new perspectives 
As stated in the introduction, the geoarchaeological characterisation of raw material 
(particularly flint) using textural, mineral and geochemical analysis started in this region in 
the late 1990s, mainly based on research by A. Tarriño (Tarriño 2006; Tarriño & Terradas 
2013). This work was based on the geoarchaeological characterisation of flint in its source 
areas, the bedrock, and of course, in the archaeological lithic assemblages. These studies 
changed previous acquisition models mainly based on local or semi-local procurement of flint 
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(Sarabia 1999; 2000). The new model, synthesised by Tarriño et al. (2015), revealed more 
complex flint procurement strategies during the Upper Palaeolithic in which local, regional 
and “tracer” flint types were obtained from different places in the Cantabrian Region. It 
proposed that in the Upper Palaeolithic, raw material was procured up to 200 km away from 
the site where the artefacts were discarded. 
 
 
Figure 8. Raw material distribution at each archaeological site during the Solutrean (above) and the Magdalenian 
(below) using pie charts. Main chrono-lithological strata in the Cantabrian Region are displayed, based on a 
1:1.000.000 geological map (Álvaro et al. 1994). Lithology colours are the same as for Figure 1. Pie chart 
colours are also the same as in Figure 3. 
 
The application of these geoarchaeological methods is changing the perspectives of flint 
procurement in the Cantabrian Region. The first studies, mainly focused on the eastern part of 
the Cantabrian Region, were particularly based on geoarchaeological characterisation of the 
source area (i.e., Tarriño & Aguirre 1997; Tarriño et al. 1998; Tarriño 2000). The long-
distance imports were proposed as one of the main conclusions from those studies. The 
establishment of the methodology, the description of the most important flint outcrops in the 
eastern part of the Cantabrian Region, the identification of those flint types and others from 
the northern side of the Pyrenees at the archaeological sites in the Basque Country, and the 
conclusion mentioned above were highlighted in the Tarriño’s Ph.D. thesis (Tarriño 2001), 
published five years later (Tarriño 2006). This milestone contributed to the expansion of this 
type of study during the following years. Other Upper Palaeolithic sites in addition to Labeko 
Koba and Antoliñako Koba in the eastern part of Cantabrian Region, such as Aitzbitarte III 
(Tarriño 2011a) and Santimamiñe (Tarriño 2011b), were analysed. The results highlighted 
previous ideas, and also reinforced the understanding of the eastern part of the Cantabrian 
Region as a preferential corridor between the Iberian Peninsula and the rest of the European 
continent (Arrizabalaga 1998; 2007; Arrizabalaga et al. 2016). 
The characterisation of new outcrops in other areas than the eastern part of the Cantabrian 
Region started after that milestone. Today, more than 30 types of flints are characterised and 
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associated with different geographical origins, mainly in connection with the Basque-
Cantabrian Basin, but also the Oviedo basin or Palaeozoic domains (Duarte et al. 2016; 
Elorrieta 2016: 63-94; Fuertes-Prieto et al. 2016; Herrero-Alonso 2018:177-380; Herrero-
Alonso et al. 2016; 2020; Rissetto 2009: 83-144, App. A and App. B; Santamaría 2012: 238-
253; Tarriño et al. 2013; 2015; 2016). This corpus allowed for the characterisation of the most 
representative flint types in the Cantabrian Region, and opened up the possibility of 
understanding complex procurement mechanisms and the determination of catchment areas 
for different Middle and, especially, Upper Palaeolithic sites. Research at sites such as Las 
Caldas (Corchón et al. 2009), La Viña (Santamaría 2012: 254-1177), Coimbre (Álvarez-
Alonso et al. 2017; Tarriño & Elorrieta 2017), El Mirón, El Horno, El Perro, La Fragua 
(Rissetto 2009: 195-241; Fontes 2016; Fontes et al. 2018), Ametzagaina (Calvo et al. 2013), 
Aitzbitarte III, Amalda, Bolinkoba, Usategi (Calvo 2019: chapters 18 to 24; Calvo and 
Arrizabalaga 2020) and El Cuco (Rios-Garaizar 2020) has provided information about flint 
circulation in the Cantabrian Region. This information was used to determine the distribution 
ranges of some flint types, emphasising the importance of Kurtzia Flysch, Urbasa and Treviño 
flints as “tracer” types (all outcrops in the eastern part of the Cantabrian Region) and the 
establishment of new regional (e.g., Alba Formation Radiolarite, Gaintxurizketa Flysch flint, 
Monte Picota flint and Piloña flint) or local flint varieties (e.g., Vegamián Formation chert, 
Pendueles chert and Infiesto flint) (Tarriño et al. 2015). Some of these studies also 
incorporated the techno-typological analysis of lithic assemblages, providing information 
about complex and varied management strategies applied by Palaeolithic societies for each 
type of flint. In the eastern and central part of the Cantabrian Region, sites such as Antoliñako 
Koba, Baltzola, Kukuma, (García-Rojas 2014: 232-462), Aitzbitarte III, Amalda, Bolinkoba, 
Usategi (Calvo 2019: chapters 18 to 24; Calvo & Arrizabalaga 2020), Ametzagaina 
(Arrizabalaga et al. 2014a; Calvo et al. 2013), Urtiaga, El Mirón (Fontes 2016; Fontes et al. 
2018), and el Cuco (Rios-Garaizar 2020) have also contributed data about this complexity. 
These studies are mainly based on how, and in which format, each variety of flint was 
incorporated into each archaeological context. 
The last perspective the geoarchaeological characterisation of flint opened up has been 
related to the development or the application of other methodologies, especially those 
associated with Geographic Information Systems. They have focused on two aspects related 
to flint procurement strategies. The first aimed to determine the exact movements of 
prehistoric societies (Rissetto 2012). This research suggests that rivers and the main valleys, 
together with coastal corridors, were the most commonly used routes for flint procurement. 
The second is aimed at understanding human mobility using a more flexible measurement, 
Cost Units, to compare raw material procurement together with the quantity and the format of 
flints. The latter is used to understand the social and economic territories articulated by 
Palaeolithic populations (García-Rojas et al. 2017; Prieto et al. 2016; Sánchez et al. 2016). 
The results show high-complexity flint procurement strategies related with recurrent trips for 
raw material acquisition from a determined site to the main flint outcrop, and also the 
abandonment at the site of other flint types as the result of previous recurrent trips to less 
accessible areas from the site, and longer trips. These are related more with permanent 
mobility over wider areas (Prieto et al. 2016). They also reinforce ideas proposed by other 
proxies of analysis related with aggregation sites during the Upper Palaeolithic, as depicted by 
Sánchez et al. (2016), in places such as Santimamiñe and Isturitz where the variety and 
quantity of non-accessible flints are greater than in other non-aggregation sites. In general 
terms, these distant-source flint types are made into complex artefacts, whilst complete 
reduction processes are mostly related with more accessible flint outcrops (García-Rojas et al. 
2017). 
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5. 2. Old data, new perspectives, forthcoming interpretations and narratives 
This last section reflects on the general raw material framework depicted in the results 
section and the new perspectives opened up by the application of the geoarchaeological 
methodology developed to understand flint procurement. Doing so, we can understand the 
state of play regarding raw material distribution in the Cantabrian Region, and propose future 
strategies to unveil new narratives and interpretations in economic and social territories. 
The current research points to interconnected axes governing raw material distribution in 
the Cantabrian Region. The first axis is geographical and shows that raw material distribution 
is highly dependent on the geological strata. The zoning of the latter contributes to the 
distribution of the main raw materials. Flint is mainly associated with the eastern part of the 
Cantabrian Region, related with the Basque-Cantabrian Basin, the major flint-supplying area 
(Tarriño et al. 2015). The procurement of flint in the western part was mainly achieved in the 
Oviedo Basin, a Mesozoic and Cenozoic area created in similar conditions to the Basque-
Cantabrian basin. Moreover, the importance of other micro-or crypto-crystalline rocks such as 
radiolarites or black cherts in the western area must be highlighted, although, in this case they 
are associated with the Palaeozoic Iberian Massif. Quartzites are better represented in the 
western area because of their massive presence in older strata, mainly Carboniferous series of 
conglomerates, but also Devonian, Silurian, Ordovician, Cambrian and Precambrian outcrops. 
Other raw materials such as quartz, lutites or sandstones are not so clearly related with this 
geographical zoning. These data support the idea that lithic raw material procurement during 
the Palaeolithic mainly involved relatively local or regional rocks. 
The second axis is the chronological one, which shows a general tendency towards 
standardisation in flint procurement by Palaeolithic societies, resulting in the substitution of 
quartzites, quartz, dolerite, sandstones and lutites by flint in a chronological trend, from the 
older to the more recent periods. The relationship of this axis with the geographical one is 
clear, as demonstrated by the faster and more intense substitution of raw material at sites 
situated in the Mesozoic and Cenozoic domains, rather than in the Palaeozoic or Precambrian 
ones. This replacement of raw material suggests two explanations that may, or may not be, 
related. The first one is connected with direct procurement from distant flint outcrops in a 
general West to East direction. The second is related to the increase of selective procurement 
strategies in areas in which flint is scarcer, and more dispersed relative to other raw materials, 
mainly quartzite. 
Similar perspectives were also highlighted in previous works addressing the duality of 
raw material representation (flint and quartzite) in the Cantabrian Region during the 
Palaeolithic (e.g., Bernaldo de Quirós & Cabrera 1996; González Sainz 1991; Straus 1996). 
The East-West gradation in the flint-quartzite representation was already acknowledged, as 
the general, but partial, substitutions of quartzites from the Middle Palaeolithic to the later 
periods of the Upper Palaeolithic. This research also emphasised how the quality of the 
different raw materials and its accessibility in particular areas of the Cantabrian Region 
mainly (González Sainz 1991) or partially (Bernaldo de Quirós & Cabrera 1996; Straus 1996) 
determine techno-typological variability observed in the Cantabrian Region. This is especially 
relevant for specific (and sometimes iconic) retouched artefacts and also the implication in 
understanding determined chronocultural changes (see also Baena Preysler et al. 2019). 
The information provided by the two axes, geographical and chronological, together with 
the perspectives of the new geoarchaeological techniques, converge in a mixed and 
progressively more complex model of raw material procurement. This is based on a 
successively more exhaustive regional procurement of raw material, superimposed on a 
progressively wider and a more intensive network that supplied a larger quantity of flints. 
This model, mainly based on an up-down approach, proposes a holistic and wide framework 
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that needs to be filled with new and more precise research based on a bottom-up perspective. 
To do so, it is necessary to continue the dynamics of the last twenty years, that is, to 
characterise new flint outcrops and also Palaeozoic silicifications (Herrero-Alonso 2018: 177-
380), identify flint in archaeological assemblages (Tarriño & Elorrieta 2017), relate the flint 
types with other proxies of analysis (techno-typology, metric characterisation, use-wear, etc.) 
(Arrizabalaga et al. 2014b; Calvo 2019; García-Rojas 2014), and understand their geographic 
relationship with other sites and the outcrops (Prieto et al. 2016). 
It is also necessary to understand how the bias derived from the absence of 
geoarchaeological characterisation of raw materials other than flint is modifying, 
geographically and chronologically, our paradigms on raw material economy in the 
Cantabrian Region, as has been depicted by the general model proposed. Additionally, and as 
reflected in current historiography, this bias also affects the interpretation of our data. Still, 
the geographical imbalance in research into the characterisation of flint in the different sectors 
of the Cantabrian Region is also influencing our perspectives of the raw material economy of 
the area. This bias firstly affects this overview through a clear geographical component, 
because the distribution of geological strata promotes the absence of information in the 
western part of the Cantabrian Region where quartzite is, in general, the best-represented raw 
material. Secondly, this bias modifies the chronological overview, discriminating raw 
material research in favour of later Upper Palaeolithic periods, when flint is quantitatively 
predominant. Finally, we also have a distorted overview of raw material procurement because 
the unbalanced research into different raw materials promotes an overinterpretation of long-
distance procurements, and therefore promotes historical narratives mainly based on human 
mobility that hide many quotidian activities and the daily life of prehistoric people. To solve 
these issues, it is necessary to continue researching raw materials other than flint in the area, 
such as quartzite (Prieto et al. 2019a; 2020; 2021), lutites (Arrizabalaga & Tarriño 2010; 
Fernández-Eraso et al. 2017), or quartz (de Lombera-Hermida & Rodríguez-Rellán 2016), but 
also to characterise and enlarge the procurement studies of flint in the Central and Western 
parts of the Cantabrian Region (e.g., Herrero-Alonso 2018; Herrero-Alonso et al. 2020). 
In combination, all these data will allow us to delimit and understand each time slice, the 
hidden dynamics, and the differences in raw material procurement between and within 
regions. These new perspectives should also change our interpretation of lithic procurement 
by not only looking at the distances but the economic and social dynamics hidden behind raw 
material procurement. Therefore, this will turn the procurement of raw material from the 
mobility of people and/or objects to other narratives more closely related to the daily life of 
people such as territorial use, management of lithic resources, search and selection of raw 
material and acquisition, as well as on the path and not only on the outcrop. 
Several pieces of research in Europe (e.g., Daffara et al. 2019, Mathias et al. 2020; Prieto 
et al. 2019b), Asia (e.g., Groucutt et al. 2017) and Africa (e.g., McHenry & de la Torre. 2018; 
Soto et al. 2020) acknowledge the value of the so-call “alternative” raw material than flint 
during the Palaeolithic. In each of these different areas, the representation and importance of 
the “alternative raw materials” compared with flint differ from places and periods due to the 
geology of each area, the dispersion, the accessibility, the natural formats and the quality of 
their potential raw material, but also due to the different human adaptive or cultural 
behaviours. The understanding of these factors can only be approached, first, through the 
identification on the assemblages of these raw materials and the validation of these rocks as 
potential artefacts (Knutsson 2014) and, second, through characterisation of these rocks using 
geoarchaeological protocols. In this way, we can understand the specific economic and social 
organisation around quartzites and other “alternative” raw materials (Daffara et al. 2019; 
Groucutt et al. 2017; McHenry & de la Torre 2018; Prieto et al. 2019b; Soto et al. 2020). 
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6. Conclusions 
The procurement of lithic raw materials in the Cantabrian Region during the Palaeolithic 
was highly conditioned by its local availability. The region is basically divided into two 
geological domains: the western area (Asturias and western half of Cantabria) and the eastern 
area (eastern half of Cantabria and the Basque Country). In the western domain, flint outcrops 
are rare, less accessible or present non-desirable natural formats (Herrero-Alonso, 2018) and 
quartzite was the main raw material used by Palaeolithic populations. In the eastern domain, 
flint is more common and quartzite is not easily available. The historiography of the 
discipline has resulted in more rapid progress being made in characterising flint than other 
lithic resources, especially quartzite. Thus, until the doctoral thesis of one of the present 
authors (Prieto 2018), the little that was known of this subject referred to flint, particularly its 
Basque outcrops. This has caused asymmetry and an imbalance in research that we are aiming 
to solve (Prieto et al. 2019a; 2020; 2021). 
As the present paper has described, the overall view has observed the preference of 
Palaeolithic hunter-gatherers in the Cantabrian Region towards the use of flint to make their 
tool kits. With some chronological fluctuations, this preference manifested itself gradually 
from the Mousterian to the late Magdalenian. It is a trend that can be detected already in 
Mousterian sites in the eastern area, and spread from east to west in a double geographic and 
diachronic gradient, and reached the western end of the region in the Magdalenian. It should 
be noted that, despite this replacement, quartzite and other raw materials continued to be 
important in quantitative and qualitative terms. A more detailed observation however, can 
detect interesting information with regards to the different roles that these raw materials 
played in specific times, geographic settings and human contexts (Prieto et al. 2019a; 2020; 
2021). This detailed geoarchaeological approach can explain the presence of alternative raw 
materials to flint, either because of their good quality, their accessibility or natural format. It 
also allows a contextualisation of the reasons why prehistoric groups did not select certain 
flint varieties. Although few flint varieties in the Cantabrian Region still require 
characterisation and the flint at other archaeological sites in the region need to be studied, it is 
important to advance the study of quartzite, lutite and quartz, because balancing the state of 
knowledge of different raw material promotes a better understanding of the technological and 
palaeoeconomic dynamics that governed the behaviour of the societies that used those lithic 
resources. 
This will enable the characterisation of more potential sources of lithic raw materials in 
regions where quartzite is important and, in this way, determine the procurement and 
management strategies in other geographic areas. It will also help us to understand the social 
and economic territories in periods for which this information is currently lacking. Finally, the 
geoarchaeological study of other raw materials and geological formations will underpin 
narratives more closely linked with the daily life of prehistoric populations and modify the 
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